Objectives-To assess long term (24 months) eVects of the Lee Silverman voice treatment (LSVT®), a method designed to improve vocal function in patients with Parkinson's disease. Methods-Thirty three patients with idiopathic Parkinson's disease were stratified and randomly assigned to two treatment groups. One group received the LSVT®, which emphasises high phonatoryrespiratory eVort. The other group received respiratory therapy (RET), which emphasises high respiratory eVort alone. Patients in both treatment groups sustained vowel phonation, read a passage, and produced a monologue under identical conditions before, immediately after, and 24 months after speech treatment.
About 1.5 million people in the United States have Parkinson's disease. Of these people, at least 75% have voice and speech abnormalities related to their disease.
1 2 Some of these abnormalities-for example, breathy phonation, hoarseness, reduced loudness, imprecise articulation, and reduced prosody-aVect speech intelligibility and oral communication. This may adversely aVect social, economic, and psychological wellbeing. 3 4 The physiological and neuropathological mechanisms underlying voice and speech deficits in patients with Parkinson's disease are yet to be determined. Voice abnormalities in such patients have been attributed to inadequate vocal fold adduction, reduced laryngeal muscle activation or synergy, muscle atrophy or fatigue, asymmetric vocal fold tension or movements, stiVness or rigidity of the vocal folds, and/or respiratory muscles. [5] [6] [7] [8] [9] [10] [11] Voice and speech abnormalities in people with Parkinson's disease have also been attributed to neurocognitive, neuroaVective, psychomotor, and other higher level cerebral dysfunction. 12 13 Traditional methods of speech therapy for dysarthric patients with Parkinson's disease, typically administered once or twice a week and emphasising articulation, rate, and prosody intervention, have been largely ineVective. [14] [15] [16] By contrast, intensive voice therapy methods, administered almost daily and emphasising simple phonatory eVort tasks, have been found to produce favourable results. [17] [18] [19] In 1987 Ramig et al 20 developed an intensive treatment programme to improve vocal fold adduction and overall voice and speech production in patients with Parkinson's disease. The programme, known as the Lee Silverman voice treatment (LSVT®), is unique in that it focuses on a simple set of tasks designed to maximise phonatory and respiratory functions. This is done by instructing and constantly stimulating patients to produce a loud voice with maximum eVort during sustained phonation and in various speech tasks. These patients are also constantly reminded to monitor the loudness of their voice and the eVort it takes to produce it. 13 21 The loud and eVortful phonatory tasks of the LSVT® are aimed at improving respiratory drive, vocal fold adduction, laryngeal muscle activity and synergy, laryngeal and supralaryngeal articulatory movements, and vocal tract configuration. These physiological changes should improve voice quality and loudness, articulatory precision, prosodic inflection, resonance, and speech intelligibility. Such changes accompanying high eVort, loud phonation are expected based on similar eVects seen in non-disordered speakers. 4 22 23 The implementation of high eVort, intensive phonatory-respiratory therapy is based on evidence from clinical practices in neurology and physical therapy. [24] [25] [26] In line with theories of motor learning, [27] [28] [29] Ramig et al have argued that intensive high eVort treatment of vocal functions, especially when coupled with proprioceptive feedback and auditory-vocal self monitoring, should help those with Parkinson's disease to rescale the magnitude of their speech motor output and habituate this level in conversation. 29 Emphasis on self monitoring is an important part of the treatment as motor deficits in those with Parkinson's disease seem to be related to factors such as impaired sensorimotor processing, inability to appropriately scale and regulate and internally cue movement parameters, reduced ability to automatically execute learned motor plans, impairment in eVort demanding processes, and other abnormalities involving high level executive functions. 26 30-33 Several acoustic, aerodynamic, stroboscopic, electroglottographic, and perceptual studies have demonstrated significant improvement in glottic closure, vocal fold vibratory movements, sound pressure level (SPL), voice fundamental frequency (Fo) range and modulations, voice quality, and speech intelligibility after LSVT®. 29 34-36 The LSVT® has been previously compared with an alternative treatment method which emphasises high respiratory eVort (RET). 36 The comparison with the RET group was carried out both to evaluate the role of increased respiratory drive alone in the improvement of loudness in those with Parkinson's disease and to rule out extraneous factors such as the Hawthorne or placebo eVects in interpreting treatment outcome. The greater improvement in vocal function with the LSVT® compared with the RET previously reported is in line with evidence from physiological studies in animals and normal adult people. 22 37-41 Given these facts, and given the diVerential eVects of LSVT® and RET treatments on acoustic and physiological measures mentioned above, greater improvement would be expected in vocal function after LSVT® than after RET.
The studies documenting the eYcacy of the LSVT® programme have been based on data obtained immediately after therapy, or 6 or 12 months after therapy. The long term (2 years post-treatment) eYcacy of speech treatment for Parkinson's disease has never previously been studied. The purpose of this study was to assess the impact of LSVT® on vocal functions in these same patients 2 years after treatment. To control for extraneous eVects, the LSVT® was again compared with the RET. To compare the two groups, we elected to analyze two objective measures of vocal function: vocal loudness (measured as sound pressure level, or SPL) and inflection in voice fundamental frequency (measured as semitone standard deviation, or STSD). Increases in SPL and STSD typically reflect improvement in vocal function. 6 21-23 These two acoustic variables are among those most often impaired in patients with Parkinson's disease and are important for improving speech intelligibility and naturalness. 37 
Methods

PATIENTS
Thirty three patients from the Denver, Colorado area with idiopathic Parkinson's disease were studied. Patients were recruited through local support groups, newspaper advertisements, and referrals from movement disorder specialists. An otolaryngological history and a videolaryngoscopic examination were obtained before the start of speech treatment, and patients were excluded from the study if on examination there was evidence of laryngeal pathology (for example, severe gastric reflux and benign mucosal lesions) not related to Parkinson's disease that would contraindicate speech and voice therapy. Additional details of the pretreatment otolaryngological studies are reported elsewhere. 42 There was no significant diVerence between the treatment groups for glottal incompetence at baseline.
To keep groups comparable on variables that may aVect measures of voice, patients were stratified on the variables age, time since diagnosis, score on the unified Parkinson's disease rating scale (UPDRS), 43 stage of disease, 44 and clinical speech and voice severity ratings, and then randomly assigned to one of two treatment groups. Twenty one patients (17 men, four women) were in the LSVT® programme and 12 (seven men, five women) were in the RET programme. Patient attrition resulted in unequal group sizes and fewer women. Mean (SD) values of pretreatment group characteristics of age, time since Parkinson's disease was first diagnosed, and clinical speech and voice severity ratings are reported in table 1. Means (SD) for scores on the UPDRS and stage of disease before and 24 months after treatment for each group are also reported in table 1. There were no significant diVerences between the two groups on any of these variables before treatment or on UPDRS scores and stage of disease over time. The two groups also were not diVerent in changes in medication they received during the 2 year period of the study. During the course of speech treatment, patients did not change medication. All subjects were considered "optimally medicated" by their neurologist, a movement disorders specialist, before and throughout the study.
TREATMENT
Details of treatment have been described previously. 13 36 Both forms of treatment were intensive, with a duration of four 1 hour sessions a week for 4 weeks. Both emphasised high eVort levels and encouraged patients to perform at maximum eVort level throughout every session. Both types of therapies included repeated exercises for the first half of each session and speech tasks for the second half of each session.
The RET programme targeted increased inspiratory and expiratory respiratory muscle activity to increase respiratory volumes and subglottal air pressure and loudness. 36 Treatment tasks included maximum inspiration and expiration, maximum prolongation of /s/ and /f/, and sustained intraoral air pressure using the Iowa oral performance instrument (IOPI). Subjects were encouraged to maximise their respiratory eVort and were given frequent encouragement to "breathe" just before each of the sustained productions, and during pauses while reading or performing conversational speaking tasks. Visual feedback of rib cage and abdomen excursions was provided to the patients via NIMS Respigraph system PN SY03. 36 The RET did not address phonation or increasing phonatory eVort, vocal fold adduction, or voice pitch modulations.
The LSVT® targeted increasing vocal eVort to improve loudness. The main goal of the LSVT® is to maximise phonatory eYciency by improving vocal fold adduction and overall laryngeal muscle activation and control. 13 36 Special care is taken to increase vocal fold adduction without causing vocal hyperadduction and strain. Upper limb pushing and lifting tasks 14 during phonation were implemented to increase vocal fold adduction. Maximum prolongation of "AH" and maximum fundamental frequency range drills were completed. Subjects were encouraged to maximise phonatory eVort and were given frequent encouragement to "think loud" during sustained phonation tasks, reading, and conversational speaking tasks. 13 36 Attention was given to the respiratory system in the form of general reminders for subjects to take deep breaths "to be loud". The respiratory system was indirectly stimulated during all "think loud" speech tasks. 13 36 The treatment intensity, high eVort, clinician feedback, daily homework, daily quantification of treatment variables and carryover were all presented and stimulated equally in both treatment groups. Two clinicians delivered the treatment to all the patients; both clinicians gave both forms of treatment and were randomly assigned to individual patients. The clinicians worked together to ensure consistency and equivalent high eVort and motivation
DATA ACQUISITION
Pretreatment experimental data were collected within the week before speech treatment was initiated. Post-treatment data were collected within the week after treatment and were collected at the same time after medication. All experimental data were collected by the primary investigator, who did not administer treatment and was blind to the form of treatment each subject received. Additional post-treatment speech data collection sessions were completed at 6, 12, and 24 months after the initial therapy programme. The results of the 6 and 12 month follow up, including routine neurological and neuropsychological evaluations of the patients before and after treatment have been reported elsewhere 29 and will not be included in this study. Routine neurological assessment at 24 month follow up, including standardised testing (UPDRS and Hoehn and Yahr staging), 43 44 was completed. The results of these tests suggest comparable levels of neurological functioning across the two treatment groups and stable neurological functioning before treatment and throughout the 2 years of follow up. This "stability" is not considered uncommon in patients with idiopathic Parkinson's disease under the care of a movement disorders specialist.
Microphone and SPL data were collected in an IAC sound treated booth while patients performed the following tasks: maximum duration of sustained vowel "AH" phonation, reading of the phonetically balanced "Rainbow Passage", 45 and 25 to 30 seconds of conversational speech (a monologue). Details have been described previously. 36 
SPEECH ASSESSMENT
For clinical purposes, standard speech and voice assessments (for example, motor speech examination) were completed at the time of the first pretreatment speech data collection session. None of the patients exhibited oral motor or speech and voice characteristics uncommon to Parkinson's disease. The severity of speech disorder ratings presented in table 1 was determined by clinical observations. DATA ANALYSIS Vocal loudness, fundamental frequency, and its variability were analyzed using standard procedures described previously. 36 DiVerences between means were analyzed statistically using a two factor time (immediately pretreatment to immediately post-treatment to 24 month follow up) by treatment group (LSVT® v RET) repeated measures analysis of variance (ANOVA). Comparisons between groups were done with t tests at each point in time.
Results
The means (SD) of the SPL and STSD data are summarised in Twenty per cent of the data were reanalyzed to determine measurement reliability. Repeated measures of SPL and STSD data yielded correlation coeYcients greater than 0.97. Test-retest reliability for vocal loudness measures have been assessed in previous studies and have been shown to yield correlation coeYcients between 0.75 and 0.95, with most correlation coeYcients in the upper range. 29 36 As seen in table 2 and figures 1-5, the LSVT® resulted in a significant improvement in mean SPL and STSD for the three speech tasks from pretreatment to immediately posttreatment and from pretreatment to 24 months follow up. Specifically, compared with pretreatment, mean SPL values for post-treatment were significantly higher for sustained "AH" (by 14.1 dB, p=0.000), "Rainbow Passage" (by 9.13 dB, p=0.000), and monologue (by 4.66 dB, p=0.000). Compared with pretreatment, mean SPL values for the 24 month follow up were statistically higher for sustained "AH" (by 8.24 dB, p=0.000), "Rainbow Passage" (by 3.6 dB, p=0.001), and monologue (by 2.3 dB, p=0.009). Compared with pretreatment, mean STSD values for post-treatment were significantly higher for the "Rainbow Passage" (by 0.58 STSD, p=0.000), and monologue (by 0.35 STSD, p=0.019). Compared with pretreatment, mean STSD values for the 24 month follow up were statistically higher for the "Rainbow Passage" (by 0.39 STSD, p=0.000), and monologue (by 0.65 STSD, p=0.044).
pre), post-treatment (post), and follow up (FU) means (SD) of SPL and STSD measures of sustained "AH" phonation ("AH"), reading the "Rainbow
The RET failed to show significant improvement in SPL or STSD for any but a single speech task from pretreatment to posttreatment and no significant diVerences from pre-treatment to 24 month follow up. The exceptions were a significant improvement in SPL (by 2.24 dB, p<0.025) and STSD (by 0.30 STSD, p=0.000) from pretreatment to Comparisons between groups (LSVT® v RET) at each point in time showed the following diVerences: mean SPL for "AH" was significantly higher for LSVT® than RET at post-treatment (p=0.000) and follow up (p=0.006), mean SPL for the "Rainbow Passage" was significantly higher for LSVT® than RET at post-treatment (p=0.000) and follow up (p=0.046) and mean SPL for monologue was significantly higher for LSVT® than RET at post-treatment (p=0.016); mean STSD for the "Rainbow Passage" was significantly greater for LSVT® than RET at post-treatment (p=0.05).
Discussion
The main finding of this study is that, as a group, patients with idiopathic Parkinson's disease who are treated with LSVT® are likely to maintain treatment related improvement in vocal function up to 2 years after treatment. The fact that patients treated with RET did not show such long term eVects, despite intensive therapy, suggests that the LSVT® results are treatment specific and cannot be attributed to extraneous factors such as placebo or Hawthorn eVects, or to the mere process of being followed up and recorded.
We oVer three possible explanations for why LSVT® but not RET produced these long term eVects. The first explanation is that the patients learned to increase vocal fold adduction and improve laryngeal muscle activation and synergy, thus rendering the phonatory system more eYcient. This interpretation is in line with previous physiological studies of patients treated with LSVT®, demonstrating improved glottic closure and greater vibratory motions of the vocal folds after treatment. 10 37 It is not clear whether the increase in STSD with the LSVT® reflects simply an increase in vocal fold tension and subglottal pressure associated with increasing loudness or whether it also reflects intentional activation of laryngeal muscles to improve intonation. We suspect that both explanations are correct as, perceptually, patients treated with LSVT® often improve both loudness and prosody. 29 The second explanation is that the LSVT®, by emphasising loud phonation, high vocal eVort, and self monitoring of both loudness and eVort, helped the patients overcome some of the higher level deficits associated with Parkinson's disease, especially deficits in proprioceptive processing, scaling motor output variables, motor learning, programming and memory, and servoregulation of movement. 26 30 46 47 Physical therapy treatment techniques used to rehabilitate patients with Parkinson's disease often emphasise intensive motor relearning, maximising motor output and eVort, increasing drive and goal directed activity, and enhancing sensory awareness to promote internal cueing, self monitoring, and upscaling of motor output. [48] [49] [50] These techniques help patients to maximise motor performance and maintain that performance over a long period of time. Because the RET involved similar intensive treatment, why did it did not produce favourable results? One reason is that the target of treatment was respiration rather than phonation and that the lack of emphasis on the phonatory system did not allow patients treated with this method to maximise phonatory output.
The third explanation for the long term eVect with the LSVT® is that the emphasis on loud phonation and high eVort levels stimulated centres in the brain that are associated with drive and goal directed activities. These neuropsychological activities are highly related to the limbic system, which is also involved in the regulation of emotive vocalisation and intensity of vocalisation. 51 52 For the second, Jürgens and von Cramon 51 have argued that the limbic system, and the neocortical and subcortical systems associated with it, do not participate in motor coordination, nor in the execution of phonatory gestures; rather, they seem to function as a drive controlling mechanism that determines, by its activity, the readiness to phonate as well as the intensity of phonation. Thus, the LSVT®, by emphasising loud and eVortful phonation, may have constantly stimulated these systems in the brain that may be impaired in patients with Parkinson's disease and that may have become more functional with LSVT®. Recent findings from a PET study 53 provide preliminary support for this explanation. However, it is the combination of these explanations that most likely accounts for the significant improvement and long term eVects of the LSVT®.
Recent studies suggest that the eVects of LSVT® extend beyond loud phonation and include improved voice quality, prosody, articulation, speech intelligibility, and swallowing. 29 34 37 54 We suspect that these eVects are related to increased motor drive as well as improvement in self monitoring skills. These explanations are tentative and are obviously in need of further research.
Improved oral communication can make a significant positive impact on quality of life. An improvement in vocal loudness of the magnitude reported in this paper has a significant impact on functional communication. 34 Both patients and their spouses and family have reported this phenomenon anecdotally. The results of this and previous eYcacy studies of the LSVT® should encourage physicians and other clinicians to refer patients with Parkinson's disease for speech treatment similar to the LSVT®. This type of intensive voice therapy is diVerent from the more traditional methods and has been documented as successful in producing long term eVects on voice and speech.
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